across Canada and across the globe as a leading center of excellence in critical care nephrology, as an epicenter for research innovation and for training a new generation of clinicians with critical care nephrology expertise.
The first multisystem critical care units in Canada were developed in the late 1960s in Toronto, Edmonton and Winnipeg evolving from the post-polio respiratory ICUs. A fellowship program in Critical Care Medicine created in Edmonton by Dr. E. Garner King in 1970, was one of the first of its kind and trained physicians from Canada and beyond, many of whom went on to develop critical care programs elsewhere in this country and around the world. Initially, Critical Care Medicine resided within Dr. King's academic home, the Division of Pulmonary Medicine. However, over time, it became clear that Critical Care Medicine had practitioners who had varied backgrounds in Anesthesia, Surgery, Emergency Medicine and other medical specialties.
Division of Critical Care Medicine
In 1985, the Division of Critical Care Medicine was established under Dr. King as an Interdepartmental Division of the Faculty of Medicine. The Divisional Director reported jointly to the Dean and the Chairs of Medicine, Surgery and Anesthesia and attended the monthly meetings of the Dean with the Chairs. This Division was responsible for the development of residency and fellowship training programs in Critical Care Medicine. On a national level in Canada, the Royal College of Physicians and Surgeons of Canada officially recognized Critical Care Medicine as a specialty in 1986.
Healthcare in Edmonton
Edmonton, the capital of the western Canadian province of Alberta is the most northerly major city on Canada. It has a metropolitan population of 1.3 million as of 2014. The medical system in Edmonton provides tertiary care to Northern Alberta and quaternary care for a number of specialty areas including solid organ transplantation and complex pediatric surgery to the provinces of Alberta and Saskatchewan as well as the Northwest Territories and portions of Nunavut.
In 1995, the government of the province of Alberta disbanded the individual boards of the hospitals in the province and created regional health authorities. The Capital Health Authority created clinical departments including a clinical department of Critical Care Medicine which was for the first time primarily responsible for recruitment of intensivists. The clinical department was responsible for the delivery of critical care services in all 5 hospitals in the Edmonton region.
In 2002, the Director for the Clinical Department of Critical Care Medicine in the Edmonton region, Dr. Noel Gibney, was appointed as Divisional Director. This allowed the academic Division and the clinical Department to merge their vision, mission and goals. At this time, it was agreed within the Faculty of Medicine and Dentistry that it should be possible for faculty members to hold a primary appointment in the Division of Critical Care Medicine (DCCM) and secondary appointments, if desired, in other departments. This was important for intensivists to receive full credit for academic activities in critical care, which, prior to that time, were not always fully valued by the traditional base specialties. The ability III of academic intensivists to practice and function fully within the DCCM has been a major advance and has significantly facilitated the development of an active research program within the division.
Nephrology in Edmonton
The first hemodialysis program for patients with chronic renal failure in Canada was developed at UAH in Edmonton, where Dr. Ray Ulan performed the first hemodialysis treatment in the country, second in the world after Seattle, on a 17-year-old girl with chronic renal failure in December 1962 using a Scribner shunt [5] . Dr. Carl Kjellstrand, a nephrologist at UAH in the 1990s, was widely recognized for his early pioneering work on the diagnosis, etiology and outcomes associated with acute kidney injury (AKI) [6] . Dr. Kim Solez, a renal pathologist at the UAH provided one of the first descriptions of 'new ischemic tubular necrosis' in patients receiving intermittent hemodialysis (IHD) for AKI. He has provided leadership in the development of the Banff classification of the pathology of rejection in renal allografts [9] .
International Relief
In 1978, following the Armenian earthquake, where many victims died of untreated crush injury-related acute renal failure, Dr. Solez and a number of colleagues founded the Renal Disaster Relief Task Force (RDRTF) [10] . Subsequently, the RDRTF has responded to most of the large earthquakes in developing countries. Dr. Valerie Luyckx, nephrologist at the UAH and Dr. Noel Gibney responded as members of the RDRTF following the catastrophic earthquake in Haiti in 2010 [11, 12] . They subsequently contributed to the development of the RDRTF recommendations for the management for crush injury in mass disasters [13] .
Critical Care Nephrology at the UofA, Edmonton
The other teaching hospitals in Edmonton also played a significant role in the development of Edmonton's expertise in critical care nephrology. Continuous arteriovenous hemofiltration (CAVH) and continuous arteriovenous dialysis (CAVHD) was first performed in the ICU at the Edmonton General Hospital by Dr. Noel Gibney, intensivist, in collaboration with Dr. Robert Lefebvre, nephrologist, in 1984 using an Amicon D20 hollow fiber hemofilter connected to femoral artery and femoral vein by single lumen cannulae. The circuit was anticoagulated with unfractionated heparin. Subsequently, CAVHD was performed using a hollow fiber hemofilter (Gambro Inc., Lund Sweden) with dialysate ports. Dianeal 0.5% peritoneal dialysis solution with potassium chloride added as necessary was used as dialysate. Ultrafiltration was enhanced by increasing transmembrane pressure (TMP) by increasing blood pressure with vasoactive infusions as necessary to optimize the arteriovenous pressure gradient. On occasion, if this was not enough to achieve the desired rate of ultrafiltration, suction was applied using wall suction to the ultrafiltrate line to further increase TMP. Following this, CAVHD became the initial therapy of choice for most critically ill patients with AKI at EGH. Subsequently, because of perceived better flow characteristics and improved solute clearance, the Hospal parallel plate hemofilter was utilized as the main hemofilter [14] . The main challenges in performing CAVHD were the need for cannulation of the femoral artery and occasional injury to the artery requiring surgery for repair, and poor circuit blood flow in patients with low cardiac output. This modality was subsequently adopted in the ICUs at the other hospitals in the city ( fig. 2 ) .
Dr. Norman Kneteman performed the first liver transplant at the UAH in 1989. Many of the patients referred to this program had fulminant liver failure with associ- IV ated AKI and impaired kidney function. It was apparent that some of these patients were susceptible to developing acute intracranial hypertension during renal support with acute IHD. The work by Andrew Davenport in the United Kingdom (UK) showed that these acute increases in ICP could be mitigated by preferential use of continuous renal replacement therapy (CRRT) rather than IHD, which by that time had progressed to continuous venovenous hemofiltration supported by pump-driven blood flow [15] . Consequently, in 1997, 2 Gambro Prisma CRRT machines were purchased for the General Systems Intensive Care Unit at UAH. These proved successful in allowing the efficient delivery of RRT in unstable patients with all forms of AKI and, subsequently, additional machines were purchased for the other ICUs. Currently, there are 27 CRRT machines in the ICUs in the Edmonton region. Despite the availability of CRRT, these ICUs have also continued to provide IHD for hemodynamically stable patients and patients with dialyzable intoxications.
The DCCM pioneered the development of a protocol for regional citrate anticoagulation for CRRT and for using post hemofilter ionized calcium levels to monitor the anticoagulant effect in the hemofilter [16, 17] . This protocol was studied by Dr. Jim Kutsogiannis in a randomized controlled trial, which showed regional citrate to be more effective than unfractionated heparin [18, 19] . This protocol was subsequently adopted in a number of other centers for clinical use [20, 21] . More recently, we have been collaborating on a multicenter trial of the use of a dilute citrate solution for regional citrate anticoagulation for CRRT.
The availability of a range of renal replacement therapies and an interest in studying these therapies resulted in a number of residents studying nephrology to also become interested in critical care medicine and to train in this new specialty following certification by the Royal College of Physicians and Surgeons of Canada. The first of these was Dr. Neesh Pannu, facilitating clinical and academic interactions between Critical Care and Nephrology. Subsequently, Dr. Sean M. Bagshaw, an intensivist who had completed a fellowship in Critical Care Nephrology joined the group and initiated a research program. He successfully obtained a Career Award from the Alberta Heritage Foundation for Medical Research and has been recognized for his remarkable research output with a Canada Research Chair in Critical Care Nephrology. At present, the DCCM has 4 full time intensivist-nephrologists, trained in both critical care and nephrology, and 3 additional intensivists with interest and training in critical care nephrology. In addition, the DCCM has 50 intensivists who provide exemplary care to over 5,000 patients per year in 8 ICUs across 5 hospitals in the Edmonton area.
The DCCM has had an interest in kidney dysfunction associated with severe liver disease and has described the use of single pass albumin dialysis, initiated a molecular adsorbent recirculation system program and is evaluating the use of intraoperative CRRT during cadaveric orthotopic liver transplantation [22] [23] [24] . In addition, the DCCM has recruited an intensivist with training in gastroenterology and hepatology, Dr. Constantine (Dean) Karvellas, thereby opening further opportunities in the investigation and treatment of severe hepatic disease and kidney disease associated with liver failure.
Members of the DCCM have been actively involved in many of the Acute Dialysis Quality Initiative (ADQI) meetings, which have outlined the many challenges in the management of AKI and utilization of RRT and provided a roadmap for potentially valuable areas of study. In addition, the DCCM faculty has been actively involved in numerous international collaborative studies including the BEST Kidney Study, AKI-EPI and OPTIMAL-AKI trials [25] [26] [27] . There has also been active participation in interventional AKI trials (NaBic; OMAKI, STARRT-AKI and SPARK) as well as in industry-sponsored trials (EUPHRATES and SAPPHIRE) [28, 29] . The DCCM was actively involved in a study of critical care capacity in Canada, including CRRT resources during the H1N1 influenza pandemic [30, 31] . Currently, there is work ongoing studying patient safety and quality improvement in AKI and during CRRT [32] .
The DCCM has developed a fellowship program in Critical Care Nephrology and has now trained a number of individuals from Canada and around the world in this developing and exciting area of medicine.
Conclusion
The UofA has had a rich and productive history supporting the development of critical care medicine and the emerging subspecialty of critical care nephrology. The DCCM continues to be recognized as a leading center of excellence in critical care nephrology in Canada, as an epicenter for research innovation and for training a new generation of clinicians with critical care nephrology expertise.
